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Abstract: 
This thesis deals with the production of a prism in which 
the optical surfaces are parallel and the refractive index is 
varied in order to achieve the prismatic effect. The medium 
used in this discussion is gelatin. The refractive index 
gradient was achieved using the osmotic effects of glycerin on 
the water-based gelatin. Prismatic effects caused by the 
refractive gradient were then measured using a laser with the 
deflection being measured at a distance of ten meters. 
Introduction: 
This technique of producing a refractive index gradient lens 
goes back to Wood. He used small cylindrical shaped gel sections 
and made converging as well as diverging lenses by exposing the 
perimeter of the sections to either glycerin or water. The tech-
nique used in this thesis will permit the refractive gradient 
to be unidirectional which results in a prism. 
Many variables affect the rate and the amount of refractive 
index changes induced. Among them are the temperature of the 
gelatin, the concentration of the medium and the time of exposure 
to the osmotic substance. A zone of increased refractive index 
permeates through the medium as a result of osmosis at the 
surface and diffusion of glycerin into the material. 
Method: 
A cell was constructed in order to house the test medium and 
to allow easy periodic measurement of the index gradient. Two 
glass plates (1 mm X 49 mm X 49 mm) were separated by a space of 
ten millimeters. A three-sided Plexiglass container was con-
structed so as to have the plates in a parallel configuration. 
Two small channels 1 mm wide by 1 mm deep were routed in the 
P1exiglass so that this design feature could be met. The unit 
was then assembled using clear silicone cement at all joints 
to achieve a water-tight compartment open at one end (see photos). 
Plexiglass was chosen as the material for the cell side so 
that in the event a very small gradient change was induced it 
could be more easily and accurately measured by directing the 
laser through the length of the cell (47 mm) instead of the 
width (10 mm). As it turned out, it was not necessary to make 
measurements through the wider dimension since the index change 
was adequate. 
The gelatin medium was made using Knox clear gelatin. It 
was prepared using 60 ml of hot tap water mixed with 1.5 cc of 
powdered gelatin. The tap water was brought to a boil to 
facilitate complete mixing of the powdered gelatin. The mixture 
was then poured into the cell to the upper edge and placed 
in refrigeration (4°C) to cool and solidify. 
Glycerin was then placed in a small container to a depth 
of about 10 mm. The volume used was 65 ml but it is felt that 
only a substantially lesser amount would change the prism 
power obtained. The cell is then inverted and placed in the 
glycerin so that only the open end is exposed to its osmotic 
effects. The two vertical Plexiglass sides were cut so as to 
extend two millimeters past the open glass plate edges. This 
then allows the gelatin medium to be exposed to the glycerin 
and prevents a sealing off of the medium by the upper glass 
plate edges. 
The cell was removed from the glycerin at various times 
and measured for magnitude and location of the induced effects. 
A laser was directed through the width (10 mm) of the medium 
and the deflection was measured at a distance of ten meters. 
The initial reading was at 1 mm below the gelatin surface with 
each series of measurements. This point varied with increased 
immersion in the glycerin since one of the effects of removing 
water from the medium was to actually remove part of its mass. 
For this reason, the tables indicate a changing point (as measured 
from the inside edge of the cell) for the first reading in a 
series. 
Results and Discussion; 
The graphs in this section illustrate the laser measurements 
at the indicated times. The measurements were made beginning at 
a point 1 mm below the surface of the gelatin and continued on 
through the medium at approximately 1 mm steps to a point where 
no deflection of the laser beam was noted at the ten meter 
distance. The graphical data illustrate the downward progression 
of the osmotic shift and glycerin diffusion into the medium. The 
cell was kept in constant inverted immersion at all times with 
the exception of measuring times (about 30 minutes each) . This 
was helpful in achieving the maximum effect on the exposed surface. 
Refrigeration was also a factor in achieving the maximum effect. 
Temperature affects the expansion rate of the gradient through the 
height of the medium. A cooler environment permits the gradient 
to be compressed over a shorted distance which translates into a 
higher prismatic power. 
I 
! 
I 
i 
f 
l 
I 
;J 
43 
42 
mm from 
bottom 41 
of prism 
cell 40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
Table 1 
6 hr 18 hr 24 hr 
mm 
8.5 
6.4 7.9 
3.1 5.4 
1.8 5.5 4.6 
1.4 3.6 
4.1 
0.8 2.5 
0.45 2.5 
1.5 
0.2 
0.1 1.6 1.0 
0.05 
1.1 
0.0 -; 0.6 
0.5 0.3 
0.3 
0.2 
0.2 
0.1 
0.0 0.1 
0.0 
All readings in centrads at 6, 
Initial reading in each series 
below the surface. 
18 and 24 hours. 
beginning at 1 mm 
t--
~ 
I 
I 
J 
I 
~ -
8 . 
t· 
7 
6 
Measurements @ 6 hours 
5 
4 
3 
Centrads 
2 
1 
5 10 15 
millimeters below the upper surface 
' 
.8 
7 
6 
Measurements @ 24 hours 
5 
4 
Centrads 3 
2 
1 
5 10 15 
millimeters below the upper surface 
Conclusion: 
The purpose of this thesis was to construct a prism with a 
refractive index gradient using gelatin. The.one-dimensional 
gradient index was chosen to simplify the manufacture and 
measuring of the obtainable effects. The media can be as diverse 
in actual gradient index lenses as they are with conventional 
optical devices. Manufacturing methods will vary with the mater-
ials used and with the lens design desired but the basic prin-
ciple of chemical alteration at the surfaces to bring about 
density changes will prevail. The asymmetric properties of 
gradient index optics in general will continue to be of great 
interest to designers of various optical systems in the future. 
A. greater combination of lens properties will be obtainable by 
combining standard techniques with refractive index variation. 
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